There are debates about whether rainwater is suitable as drinking water. A serious shortcoming of the debate is that there are differences in the design and management of rainwater harvesting (RWH) systems. This study is based on the performance of two RWH systems that are used for drinking purposes at a kindergarten and a primary school in Cu Khe, Vietnam. Each system comprised a painted galvanized iron roof, a first-flush diverter, two stainless steel tanks connected in series, a calmed inlet, mosquito screens on open holes, PVC pipelines, filter cartridges, and a UV sterilizer.
INTRODUCTION
Roof-harvested rainwater is increasingly being considered as an alternative drinking water supply option, especially in rural areas of developing countries (Amin & Han ) .
There are debates, however, regarding the suitability of rainwater as drinking water. In some places, rainwater is generally perceived as potable, even without treatment (Dillaha & Zolan ). In contrast, some studies have recommended that rainwater be used as graywater because contaminants have been detected (Gikas & Tsihrintzis ) . To date, rainwater has not been widely adopted as a drinking water source despite its many advantages, because of a lack of information regarding the quality of roof-harvested rainwater.
Although there is concern about rainwater quality because of air pollution, air pollutants are not the major contributors to rainwater contamination, even in urban areas with reasonable air quality (Huston et al. ) . Instead, contamination is primarily affected by the design and management of rainwater harvesting (RWH) systems (Wilbers et al. ) . Two RWH systems were installed to supply drinking water to a kindergarten and primary school in a rural area in Vietnam, where safe surface water or groundwater sources are scarce. The systems were designed and managed to have potable water for pupils and teachers. The objectives of this paper were (1) to assess rainwater quality with respect to the actual performance of the RWH systems and (2) to suggest design and management guidelines for better performance.
METHODS

Study site
The study site was Cu Khe, a rural area in the Red River Delta, Vietnam. It is located 15 km southwest of Hanoi. for the same period.
RWH system
The design of the RWH systems is shown in Figure 1 .
According to previous studies, roof materials, leaves, wild birds, and animals on roofs affect the quality of harvested rainwater ( When it comes to maintenance, though roof cleaning is a method to improve water quality, the roofs have not been cleaned since the installation, as access is difficult. Storage conditions also affect water quality. Stainless steel tanks certified for drinking purposes were used.
The function of the storage tank is not only to store water but also to separate particles. While the tanks are filled with water, suspended solids settle to the bottom.
To increase particle separation efficiency and to prevent the resuspension of sediment, a U-shaped pipe called a 'calmed inlet' was installed. Two tanks were also serially connected to retain most of the sediments in the first tank. The sediment was removed yearly by using the drain connected to the bottom of the tank. Tank 
Water quality monitoring
Rainwater samples were collected from both the kindergarten and primary school on the same day. The samples were taken five times from a tap directly connected to the storage tank (A in Figure 1 ) to measure rainwater quality and four times from the other tap after treatment (B in Figure 1 ). regardless of season. Water quality after treatment also satisfied VDWGs, excluding pH, and was not significantly different than before treatment. Consequently, the RWH systems provided safe drinking water at the point-of-use in terms of physicochemical water quality through the year. Table 3 shows large variation of coliform (0-78,000 MPN/ 100 mL) and E. coli concentrations ( system, safety at the faucet can be assured.
RESULTS AND DISCUSSION
Physicochemical qualities
Microbiological quality
Strategy for stabilizing rainwater quality
It is anticipated that this RWH system would provide safe drinking water in other surroundings. It is difficult, however, to reproduce an identical system using the same materials, as available materials vary in different localities. Furthermore, adequate air quality cannot be guaranteed. To stabilize and generalize the results, further efforts should be conducted by government, the private sector and individuals. Recommended strategies are illustrated in Figure 2 .
The government could publish guidelines for RWH systems and could organize a certification system for potable purposes regarding materials for roofing, painting, piping and storing, amongst others. As the composition of each material is generally unknown to the public, it is difficult for individuals to select appropriate products. A certification system would, therefore, aid individuals in the selection process.
Regarding air quality, even if the effects of the atmosphere on rainwater quality are minor, rainwater can be contaminated in areas where air pollution levels are high.
In such areas, the government could institute regulations on emissions and issue air quality warnings to citizens, as public awareness plays an important role in air pollution quality control.
The private sector could make RWH systems available for the market. Since water quality for potable purposes is a sensitive issue, guidelines should be followed thoroughly. When designing and installing RWH systems, all possible contamination sources should be considered.
The main thing that individuals can do to improve water quality is to practice proper system management. Most pollutants enter drinking water during the harvesting process.
Cleaning roofs can improve microbiological parameters unpleasant taste, odor, and color. First-flush devices need to be emptied before rainfall events. Tanks do not require frequent cleaning as biofilm on the tank wall catches microorganisms (Kim & Han ) . Only the sediments in the tanks need to be drained before they flow into the tap.
All tank covers should be checked to ensure that they block mosquitoes and sunlight. The following conclusions were drawn:
• By proper design and management, all physicochemical qualities of stored rainwater stably satisfied the WHO drinking water guidelines, and only microbiological contaminants exceeded the guidelines. As a drinking water source, rainwater has great potential since the routes of contamination are relatively clear and can be easily controlled by proper design and management.
• After treatment, rainwater satisfied all WHO drinking water guidelines at the tap. Because the distance from filter to tap is short, the possibility of contamination during distribution is unlikely. Therefore, rainwater with a point-of-use treatment system is a viable drinking water option in terms of quality, because it ensures safety at the tap.
• To generalize the results, further efforts should be made by all stakeholders including government, the private sector, and individuals. Government can devise design and operation guidelines for RWH systems since improper design and operation can make rainwater unsuitable for drinking. The private sector is a key player that could make RWH systems available for the market. Individuals can select the market products and manage their own systems by understanding the sources of contamination.
